We do not perceive the sequence of events as they actually unfold. For 21 example, when two events occur before a rapid eye movement (saccade), the interval 22 between them is often perceived as shorter than it really is and the order of those 23 events can be sometimes reversed (Morrone et al. 2005 ). Here we show that these 24 misperceptions of the temporal order of events critically depend on whether the 25 saccade is reflexive or voluntary. In the first experiment, participants judged the 26 temporal order of two visual stimuli which were presented one after the other just 27 before a reflexive or voluntary saccadic eye movement. In the reflexive saccade 28 condition, participants moved their eyes to a target which suddenly appeared. In 29 the voluntary saccade condition, participants moved their eyes to a target which 30 was present already. Like the previous study (Morrone et al. 2005) we found that 31 the temporal order of events was often misjudged just before a reflexive saccade to a 32 suddenly appearing target. However, when people made a voluntary saccade to a 33 target that was already present, there was a significant reduction in the probability 34 of misjudging the temporal order of the same events. In the second experiment, the 35 reduction was seen in a memory-delay task. It is likely that the nature of the motor 36 3 command and its origin determine how time is perceived during the moments 37 preceding the motor act. 38 39 KEYWORDS 40
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INTRODUCTION 44
When we interact with external events, we do not always correctly perceive 45 the order in which they occur. Previous research by Morrone et al. (2005) has 46
shown that when two events occur just before a rapid eye movement (saccade), the 47 for each participant and for each condition to align the duration between the 133 presentation of two bars and saccadic onset among participants and conditions. For 134 both conditions, the first bar was tuned to be presented between 110 ms and 80 ms 135 before the mean onset time minus one standard deviation. The second bar was 136 presented after the offset of the first bar with a random onset asynchrony between 137 40 ms and 110 ms. Following the first session, eight test sessions were conducted for 138 each participant. The results from the first session were discarded. 139
Measurement of temporal order judgments during fixation

140
It is possible that the attentional resources devoted to the visual events are 141 different between the VGR and no VGR conditions. In the VGR condition, the target 142 did not appear until the trigger for the saccade was presented. Thus participants 143 may have paid more attention to the possible landing position of saccade and less 144 attention to the temporal order of the presentation of two bars before they moved 145 their eyes in the VGR condition than in the no VGR condition. We performed a 146 control experiment in which participants observed stimuli that were essentially 147 identical to those presented in the VGR and no VGR condition, but in this case eye 148 movements were not required. 149 In other words, proportion of correct responses was 'normalized' with respect to 220 fixation offset. 221
Effect of attention 222
In the VGR conditions of Experiment 1 and 2, the suddenly occurring target 223 may capture more attention for the production of the eye movement than in the no 224 VGR and delay conditions. It is plausible that the participant could devote fewer 225 attentional resources to the visual events following the disappearance of FP under 226 the VGR conditions than under the no VGR and delay conditions. To see whether or 227 not the attentional resources for the TOJ were different between two conditions, we 228 two-tailed t test, t = 3.83, df = 4, P = .02).
248
Effect of lag of stimuli 249 Figure 3C shows the mean and standard deviation of proportion of correct 250 responses of all participants obtained from the trials in which the lag of in the 251 presentation of the bars shared a common range in the two conditions. Even when 252 the data were confined to this period, the difference between the VGR condition and 253 the no VGR condition was still significant (paired two-tailed t test, t = 3.35, df = 4, P 254 = .03). 255 Figure 3D shows the mean proportion of correct responses of all participants 257 as a function of the interval between the onsets of the two bars. The trials in which 258 the midpoint of the time of presentation of the two bars relative to the saccadic 259 onset was less than 100 ms were analyzed. None of the curves show evidence of a 260 steep sigmoid function that might be related to the temporal interval between bars 261
Effect of attention 256
i.e., task difficulty. 262 The trials in which the interval between the onset of the two bars was less than 100 267 ms were used for the analysis. Figure 3B shows the average proportion of correct 268 responses from the all participants. There was no significant difference between 269 the two conditions (paired two-tailed t test, t = 1.12, df = 2, P = .37).
Measurement of temporal order judgments during fixation
270
EXPERIMENT2
271
Temporal order judgment with respect to saccadic onset time 272 Figure 3E shows the mean proportion of correct TOJs for the 3 participants 273 in the VGR and delay conditions, as a function of the time between the onset of two 274 bars and the initiation of the saccade (measured from midpoint between the two 275 bars to saccade onset). Figure 3F shows the average proportion of correct responses 276 in the interval between 100 ms before the saccade to saccade onset. The three 277 participants' proportion of correct judgments of temporal order was significantly 278 smaller in the VGR condition than in the delay condition (paired two-tailed t test, t 279 = 4.40, df = 2, P = .05). Figure 3G shows the mean and standard deviation of the proportion of 282 correct responses of all participants obtained from the trials in which the lag of in 283 the presentation of the bars shared a common range in the two conditions. Even 284 when the data were confined to this period, the differences between the VGR 285 condition and the delay condition was still significant (paired two-tailed t test, t = 286 13.49, df = 2, P = .01). Figure 3H shows the mean proportion of correct responses of all participants 289 as a function of the interval between the onsets of two bars. The trials in which the 290 midpoint of the time of presentation of the two bars relative to the saccadic onset 291 was less than 100 ms were analyzed. As was the case in Experiment 1, none of the 292 curves in Experiment 2 show evidence of a steep sigmoid function that might be 293 related to task difficulty. 294
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DISCUSSION 295
In this study, we presented the two visual stimuli one after the other just 296 before saccade. We used the procedure virtually identical to that used in the 297 previous study by Morrone et al. (2005) in the VGR conditions in which saccades 298 were induced reflexively. In the present study, however, we also included a 299 condition in which the eye movements were not reflexive. In the non-reflexive 300 condition of Experiment 1, the target was already present well before the FP 301 disappeared (no VGR condition). In this condition, the onset of the saccade was 302 driven entirely by the offset of the FP instead of being reflexively driven by the 303 abrupt onset of the target in the periphery. In the non-reflexive condition of 304 Experiment 2, participants were instructed to make a saccade after a variable delay 305 (delay condition) to the remembered location of the target. Taken together, the 306 results of Experiments 1 and 2 suggest that volitional saccades do not disrupt the 307 perception of the timing of pre-saccadic events as much as reflexive movements do. 308
It is not clear why this is the case. It is likely, however, that the nature of the motor 309 19 command and its origin determine how time is perceived during the moments 310 preceding the motor act. 311
It is possible that the differences in performance arose because the time 312 between the saccadic trigger and the presentation of the visual events was on 313 average longer in the volitional than in the reflexive tasks. But as we showed in 314 an additional analysis this explanation cannot account for the differences we 315
observed. 316
It is also possible that the participants were able to devote more attentional 317 resources to the visual events in the non-reflexive and delay tasks in which the 318 target was presented well before the saccade trigger, resulting in better TOJs. The 319 sudden target onset could have captured the visual attention away from the bars. 320
As we showed in our analysis of the effects of attention, this explanation cannot 321 easily account for the differences between two conditions. Furthermore, we 322 performed a control experiment in which participants were asked not to move their 323 eyes during TOJs of the presentation of the bars (Figure 2 ). The stimuli of the 324 control experiment were essentially identical to those used in Experiment 1. In one 325 condition, corresponding to the VGR condition of Experiment 1, a right black dot 326 20 suddenly appeared at the same time as the FP disappeared. In another condition, 327 corresponding to the no VGR condition, the black dot was present from the 328 beginning of the trial. Additionally, in both conditions, an alphabetic character was 329 sometimes presented briefly on the right black dot when the FP disappeared. This 330 occurred on 2 trials randomly every 12 trials. The participants were asked to 331 report whether or not a character had appeared on each trial and to identify it. We 332 found no difference between the two control conditions both in detection and 333 identification of the character as well as in the TOJ task (Figure 4) . We are 334 confident therefore that the difference in the TOJ performance between two 335 conditions is not due to differences in spatial attention. 336
It has been demonstrated that the spatial localization of visual stimuli is 337 also disrupted when the stimuli are presented just before a saccade (Ross et al. 
